Introduction
============

With increasing age, the opacity and hardness of the nucleus of the crystalline lens gradually increases in all individuals.[@b1-opth-11-1527] Nuclear sclerotic cataracts are characterized by visually significant nuclear opacity. Progressed nuclear sclerotic cataracts are more difficult to divide during surgery than cortical or anterior and posterior subcapsular cataracts. In most western populations, nuclear sclerotic cataracts are the most common reason for cataract surgery.[@b2-opth-11-1527]

Vitreous surgery is used to treat many types of vitreoretinal diseases, and it is often performed in phakic, as well as aphakic and pseudophakic eyes.[@b3-opth-11-1527] Lens-sparing vitrectomy often results in postoperative formation of nuclear sclerotic cataracts.[@b4-opth-11-1527]--[@b8-opth-11-1527] Because nuclear sclerotic cataracts frequently affect refraction of the eye, shifting it toward myopic in the majority of cases,[@b9-opth-11-1527],[@b10-opth-11-1527] symptoms of anisometropia should be carefully monitored after vitrectomy. This myopic shift can be useful for subjectively grading the rate of progression of nuclear sclerotic cataracts. There have been several reports on myopic shift after lens-sparing vitrectomy.[@b9-opth-11-1527]--[@b13-opth-11-1527]

Several reports[@b6-opth-11-1527],[@b12-opth-11-1527],[@b14-opth-11-1527],[@b15-opth-11-1527] have identified a connection between the presence of intraocular gas bubbles and the formation of nuclear sclerotic cataracts after lens-sparing vitrectomy. Because these reports are not recent or involved more than one surgeon, we decided to confirm this connection. Moreover, the surgical procedures for macular hole (MH) and epiretinal membrane (ERM) are almost similar, with the exception of fluid--air exchange in the former.

In the current report, the formation of nuclear sclerotic cataracts and myopia progression rate after lens-sparing vitrectomy performed by a single surgeon using the most recent vitrectomy system were compared between the MH and ERM groups.

Materials and methods
=====================

The medical records of 25 MH patients (25 eyes) and 23 ERM patients (23 eyes) who underwent lens-sparing vitrectomy between November 2011 and May 2015 were reviewed. All subjects analyzed in this study were followed-up for a period ranging from 4 to 34 months and had primary MH or ERM and phakic eyes. None of the patients had a visually significant cataract at the time of surgery. Exclusion criteria were a history of ocular surgery or the presence of ocular disease which could affect refraction and/or visual function. The protocol of this retrospective study was approved by the Institutional Review Board of Dokkyo Medical University Koshigaya Hospital and was conducted in accordance with the tenets of the Declaration of Helsinki. Written informed consent was obtained from all participants.

All lens-sparing vitrectomies were performed by an experienced surgeon at Dokkyo Medical University Koshigaya Hospital. All surgeries were three-port 20-gauge pars plana vitrectomies. Surgical procedures were performed under local anesthesia using the Constellation^®^ Vision System (Alcon Laboratories, Fort Worth, TX, USA) along with handheld contact lenses (Nanoo Kougaku Inc., Tokyo, Japan) with perfusion. When required, triamcinolone acetonide (TA) was used to secure posterior vitreous detachment and prevent vitreous incarceration of the sclerotomy wound. Brilliant blue G (BBG) was used as needed to stain the inner limiting membrane. Air, 20% sulfur hexafluoride (SF~6~), or 12.5% octafluoropropane (C~3~F~8~) was used for total gas--fluid exchange, and all patients in the MH group were kept in the prone position for 1--2 weeks postoperatively. The gas (air or 20% SF~6~ or 12.5% C~3~F~8~) was selected according to the patient's status. In patients who were considered to be unable to maintain prone position, 12.5% C~3~F~8~ was used. Air was used if the MH diameter was \<30% of the optic nerve and in patients who were within two months of disease onset; 20% SF~6~ was used otherwise. None of the patients in the ERM group received total gas--fluid exchange during surgery. All sutures were removed at 3 months postoperatively.

Preoperative and postoperative objective refractive errors were measured in all eyes using an automatic refractometer (KR-7100; Topcon Corporation, Tokyo, Japan). The manifest spherical equivalent (SE) value was determined as the spherical power plus half the cylindrical power. Noncontact optical biometry (IOL Master; Carl Zeiss Meditec AG, Jena, Germany) was used to evaluate axial length before primary vitrectomy. Each clinical parameter was evaluated at baseline (preoperatively) and at the final medical check-up or just before the cataract surgery, to calculate the myopia progression rate (D/month). Myopia progression rate was defined as the mean refractive change per month between the baseline and the final medical check-up or just before the cataract surgery.

Differences in mean age, manifest SE value, surgical time, axial length, myopia progression rate, and follow-up period after lens-sparing vitrectomy were compared between the ERM and MH groups using the unpaired *t*-test. Discrete variables such as gender; ratio of left eyes to right eyes; use of TA and BBG; combinations of diabetes, hypertension, and hyperlipidemia; fluid--air exchange; receiving cataract surgery after vitrectomy; and the myopia progression rate of three factors (ratio of male to female, use of TA, and BBG) in the MH group were compared between the two groups using the chi-square test or Fisher exact probability test. Pearson coefficient of correlation was performed to examine the following factors: gender, surgical time, and surgical adjuvant use (TA and BBG), which were associated with myopia progression rate in MH group. Multiple linear regressions were used with a stepwise selection of variables with significance in the linear regression analysis. Unpaired *t*-test was performed to evaluate gender and TA and BBG use which were associated with myopia progression rate in MH group. Differences with a probability (*P*) value \<0.05 were considered statistically significant.

Results
=======

Preoperative, intraoperative, and postoperative factors of both MH and ERM groups are shown in [Table 1](#t1-opth-11-1527){ref-type="table"}. No statistically significant differences were observed between groups with respect to age; ocular; preoperative SE; axial length; follow-up period; or the combinations of diabetes, hypertension, and hyperlipidemia. The proportion of females and the mean surgical time were greater in the MH group than in the ERM group (*P*=0.043 and *P*\<0.001, respectively). TA, BBG, and fluid--air exchange were used more frequently in the MH group than in the ERM group (*P*=0.019, *P*\<0.001, and *P*\<0.001, respectively). The myopia progression rate was lower in the ERM group than in the MH group (*P*=0.035, unpaired *t*-test) as shown in [Figure 1](#f1-opth-11-1527){ref-type="fig"}.

[Table 2](#t2-opth-11-1527){ref-type="table"} shows the rate of cataract surgery after lens-sparing vitrectomy, and the gas tamponade material used during lens-sparing vitrectomy. Cataract surgery was performed in 21 of 25 eyes (84.0%) in the MH group and 17 of 23 eyes (73.9%) in the ERM group roughly a year postoperatively. There were no statistically significant differences between the groups. The cataract type was nuclear sclerosis in every case, and there were no cases of cortical or posterior subcapsular cataract. All cataract surgeries were successful and uneventful. Neither intraoperative (eg, lens capsule rupture) nor postoperative (eg, zonule formation, persistent ocular hypertension) complications were observed during the follow-up period. SF~6~ was the most frequently used tamponade material during vitrectomy in the MH group.

[Table 3](#t3-opth-11-1527){ref-type="table"} shows the correlation coefficients of four factors (gender, surgical time, TA, and BBG) related to myopia progression rate in the MH group. Myopia progression rate remained unaffected by surgical time, TA, and BBG; however, it demonstrated a correlation with the gender of the patient (*R*=0.568, *P*\<0.001). [Figure 2](#f2-opth-11-1527){ref-type="fig"} shows the relative distribution of these four factors with the myopia progression rate. Myopia progression rate of females was significantly greater than that of males (*P*\<0.001).

No significant relationships were found between the myopia progression rate and gender (*R*=0.022, *P*=0.92), surgical time (*R*=−0.275, *P*=0.21), TA (*R*=0.230, *P*=0.29), or BBG (*R*=0.158, *P*=0.47) in the ERM group.

[Table 4](#t4-opth-11-1527){ref-type="table"} shows the mean age of male and female patients in the MH group. The mean age of male patients was significantly higher than female patients (*P*\<0.01).

Discussion
==========

The findings of the present study indicated that myopia progression rate after lens-sparing vitrectomy was higher in the MH group than that in the ERM group. Kawakubo et al reported a higher myopia progression rate after lens-sparing vitrectomy in the MH group than in the ERM group 6 months postoperatively (−2.11±1.89 D vs −0.99±1.34 D, respectively, *P*=0.0002).[@b12-opth-11-1527] The authors also speculated that peripheral vitreous body shaving and fluid--air exchange were responsible for the relatively high myopia progression rate.[@b12-opth-11-1527] Thompson reported that the incidence of nuclear sclerosis was about 60% higher in the MH group than that in the ERM group, and vitreomacular traction syndrome occurred after lens-sparing vitrectomy.[@b6-opth-11-1527],[@b14-opth-11-1527] However, in these reports, nuclear sclerosis was analyzed using Chylack Lens Opacity Classification System (LOCS) II lens grading scale; not by refraction. The use of gas during vitrectomy might have caused the high nuclear sclerosis progression rate in the MH group.[@b6-opth-11-1527],[@b14-opth-11-1527]

To the best of our knowledge, no other studies have reported the association between myopia progression rate, gender, and use of surgical adjuvant. Hsuan et al reported that the use of fluid--air exchange was the underlying cause of nuclear sclerosis progression after vitrectomy.[@b15-opth-11-1527] Cheng et al reported that the duration of vitrectomy did not increase the risk of nuclear sclerosis progression in MH,[@b16-opth-11-1527] while Smiddy and Feurer reported that it did not increase the risk of nuclear sclerosis progression in diabetic retinopathy, ERM, and MH groups.[@b4-opth-11-1527] Okamoto et al reported that the duration of vitrectomy did not increase the risk of myopia progression in retinal detachment.[@b9-opth-11-1527] According to our results, the use of fluid--air exchange and being female has a connection with myopia progression rate. However, further research is needed to confirm these suspicions.

Feng and Adelman reported that visual impairment due to cataract development after vitrectomy was likely influenced by a variety of factors including the level of oxygen in the vitreous cavity, the amount of vitreous removed, the amount of inflammation owing to ocular disease and surgery, and the length and difficulty of surgery.[@b7-opth-11-1527] Moreover, biochemical effects such as the perfusion solution,[@b17-opth-11-1527] the aqueous humor dynamics, and a change of constitution[@b18-opth-11-1527] are also known to promote changes in lens metabolism. Holekamp et al reported that nuclear sclerosis after lens-sparing vitrectomy for diabetic retinopathy was less progressive than in other diseases due to the presence of ischemia and low oxygen supply.[@b2-opth-11-1527] In fact, they measured the oxygen tension level of the vitreous cavity and found that it was significantly lower in patients with diabetes than in those without the condition.[@b19-opth-11-1527] They concluded that oxidative damage to the lens nucleus and increased intraocular oxygen tension was associated with nuclear sclerotic cataracts. Also, Beebe et al and Shui et al reported that age-related degeneration of the vitreous body or vitrectomy exposes the posterior part of the lens to increased oxygen, resulting in the formation of nuclear sclerotic cataracts.[@b20-opth-11-1527],[@b21-opth-11-1527] The lens is exposed to oxygen during vitrectomy for MH because fluid--air exchange is needed. This procedure may cause severe progression of myopia. In future studies, we plan to investigate the association of nuclear cataract progression after vitrectomy with proliferative diabetic and non-diabetic retinopathy. Hamoudi et al reported that removal of vitreous gel itself played a role in the myopic change after vitrectomy without fluid gas exchange.[@b22-opth-11-1527]

Cheng et al reported that the incidence of nuclear sclerosis progression in eyes after vitrectomy was 98% at 1 year and 100% at 2 years postoperatively.[@b16-opth-11-1527] Smiddy and Feuer reported that 16 of 22 patients (73%) required cataract surgery after lens-sparing vitrectomy for ERM at an average follow-up period of 38 months, and the same was true for 36 of 48 MH patients (75%) at an average follow-up period of 44 months.[@b4-opth-11-1527] The mean age at surgery was 70 years in the ERM group and 67 years in the MH group. Six (27%) patients in the ERM group and 12 (25%) in the MH group did not undergo cataract surgery during relatively long follow-up periods. If we apply our results, myopic changes in the ERM group at 38 months and the MH group at 44 months after vitrectomy can be calculated as follows: 38×0.29=11.02 D and 44×0.42=18.48 D, respectively. These scores are unusual. A myopic change of 10 D causes severe nuclear sclerosis; thus, surgical intervention may be challenging. In a vitrectomized eye, there is a higher risk of posterior capsular rupture. In an eye where the anterior hyaloid is already disrupted, there is a higher risk of nucleus drop. Also, anisometropia can be very severe in some patients.

Our study has several limitations. First, it was a retrospective study; a prospective study with objective assessments of lens changes would have been preferable. Second, all procedures were performed by the same surgeon, which could have resulted in bias. Third, our sample size was small; hence, further studies with adequate sample size are needed to provide a better understanding of the pathophysiology of cataract after vitrectomy.

Conclusion
==========

The findings of the present study indicated a higher myopia progression rate in the MH group than in the ERM group after lens-sparing vitrectomy. This difference may be attributable to the use of fluid--air exchange and a greater proportion of female complex in the MH group.
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![Myopia progression rate (D/month) in both groups.\
**Notes:** This rate is significantly higher in the MH group compared with the ERM group (0.42±0.25 vs 0.29±0.19, *P*=0.035). \*Unpaired *t*-test.\
**Abbreviations:** MH, macular hole; ERM, epiretinal membrane.](opth-11-1527Fig1){#f1-opth-11-1527}

![Correlation between myopia progression rate and four factors (surgical time, gender, TA use, and BBG use) in the MH group.\
**Notes:** Correlation with surgical time is plotted in (**A**). Comparison to gender rate is shown in (**B**) (male; 0.14±0.12 vs female; 0.46±0.25, *P*\<0.001). Comparison of TA use and BBG use is shown in (**C**) and (**D**), respectively. \*Unpaired *t*-test, \*\*\*Pearson's correlation coefficient, ^\#^impossible to compare.\
**Abbreviations:** TA, triamcinolone acetonide; BBG, brilliant blue G; MH, macular hole.](opth-11-1527Fig2){#f2-opth-11-1527}

###### 

Preoperative, intraoperative, and postoperative factors in both groups

  Factors                                  MH           ERM          *P*-value
  ---------------------------------------- ------------ ------------ --------------------------------------------------------
  Age (years)                              65.3±6.6     66.9±7.6     0.45[\*](#tfn2-opth-11-1527){ref-type="table-fn"}
  Gender (male/female)                     5/20         12/11        0.043[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Ocular side (left/right)                 11/14        13/10        0.55[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Preoperative spherical equivalent (D)    −1.12±4.18   −2.01±3.69   0.48[\*](#tfn2-opth-11-1527){ref-type="table-fn"}
  Surgical time (min)                      57.7±14.1    43.0±10.4    \<0.001[\*](#tfn2-opth-11-1527){ref-type="table-fn"}
  Use of TA (yes/no)                       21/4         11/12        0.019[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Use of BBG (yes/no)                      24/1         1/22         \<0.001[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Axial length (mm)                        23.84±1.53   24.11±1.73   0.56[\*](#tfn2-opth-11-1527){ref-type="table-fn"}
  Follow-up period (months)                13.4±6.35    12.5±5.9     0.85[\*](#tfn2-opth-11-1527){ref-type="table-fn"}
  Combination of diabetes (yes/no)         3/22         1/22         0.34[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Combination of hypertension (yes/no)     11/14        11/12        0.79[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Combination of hyperlipidemia (yes/no)   4/21         2/21         0.45[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}
  Fluid--air exchange (yes/no)             25/0         0/23         \<0.001[\*\*](#tfn3-opth-11-1527){ref-type="table-fn"}

**Notes:** Mean ± SD.

Unpaired *t*-test;

chi-square test.

**Abbreviations:** TA, triamcinolone acetonide; BBG, brilliant blue G; MH, macular hole; ERM, epiretinal membrane.

###### 

Receiving cataract surgery after vitrectomy in both groups and tamponade material in MH group

  Factors                                             MH       ERM    *P*-value
  --------------------------------------------------- -------- ------ -----------
  Receiving cataract surgery (yes/no)                 21/4     17/6   0.61
  Tamponade material (20% SF~6~/12.5% C~3~F~8~/air)   20/1/4   --     --

**Abbreviations:** MH, macular hole; ERM, epiretinal membrane; SF~6~, 20% sulfur hexafluoride; C~3~F~8~, 12.5% octafluoropropane.

###### 

Correlation coefficients of factors related to myopia progression rate in the MH group

  Factor          Pearson's correlation coefficient (*P*-value)
  --------------- -----------------------------------------------
  Gender          **0.568 (0.002)**
  Surgical time   0.011 (0.959)
  TA              −0.306 (0.128)
  BBG             0.380 (0.055)

**Note:** Significant correlation shown in bold.

**Abbreviations:** MH, macular hole; TA, triamcinolone acetonide; BBG, brilliant blue G.

###### 

The mean age of patients in the MH group

                Male       Female     *P*-value
  ------------- ---------- ---------- -----------------------------------------------------
  Age (years)   73.6±6.3   63.3±5.2   \<0.01[\*](#tfn9-opth-11-1527){ref-type="table-fn"}

**Note:** Mean ± SD,

unpaired *t*-test.

**Abbreviation:** MH, macular hole.
